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PREFERRED EMBODIMENTS OF THE INVENTION 

[0012] The average particle diameter of the magnetite particles according to the present invention is not more than 
0.6 pm. preferably 0.1 to 0.6 ^m. When the average particle diameter is too small, the magnetite particles tend to 

5 agglomerate and the environment resistance of the particles is deteriorated. Further, the degree of black color is also 
deteriorated as the hue thereof. Furthermore, in such case, the magnetite particles has superparamagnetism. whereby 
the coercive force as well as the saturation magnetism are decreased. In a case where the average particle diameter 
is too large, when the magnetite particles dispersed into the toner are used, it is excessively stuck out of the surface of 
the toner or the deviation of the particle occurs, which is undesirable. In other words, since the magnetite particles have 

10 a single magnetic domain structure in the average particle diameter of about not more than 0.18 ^im, the coercive force 
of the magnetite particle becomes large. However, when the magnetite particles have a smaller average particle diam- 
eter than the above-mentioned one, magnetite particles which present the superparamagnetism is increased (DENKI 
KAGAKU (Japan). Vol. 37, p 330 by Takada). 

[001 3] \/Vhen the coercive force exceeds 100 Oe, toners are dispersed in the periphery of an image as mentioned- 
15 above, and for this reason, it is difficult to respond to a demand for a higher reproducibility of a mesh point or fine line. 
Further. It is substantially difficult to produce magnetite particles having a coercive force of less than 40 Oe. 
[001 4] Further, if the electrical resistance of the magnetite particles is 1 0^ order or less, it is often difficult to maintain 
the charging stability In the toners. 

[001 5] Further, the magnetite particles according to the present invention Is characterized In that they contain silicon 
20 of 0. 1 to 3.0% by weight, with respect to the magnetite particles, and a total 0.5 to 4.5% by weight of components of Si, 
Al, Tl, Zr. Mn. Mg and 2n other than Fe in the time when the Fe is dissolved by 20% from the surface of the particles, 
with respect to the magnetite particles. 

[001 6] If the silicon contents are less than 0.1 % by weight, a coercive force within the above-mentioned range cannot 
be obtained. On the other hand, if the silicon contents are over 3.0% by weight, much silicon is often exposed on the 

25 surface of the magnetite particles, whereby the working properties become bad. 

[0017] Further, If the total contents of components of Si. Al. Ti, Zr. Mn. Mg and Zn other than Fe in the time when the 
Fe Is dissolved by 20% from the surface of the particles, are less than 0.5% by weight with respect to the magnetite 
particles, effects on the increase in the electrical resistance are small. On the other hand, the total contents thereof are 
over 4.5% by weight, the saturation magnetism is undesirably decreased. 

30 [0018] Next, a production process of the magnetite particles according to the present invention will be described. 
[0019] The production process of the magnetite particles according to the present invention comprises the steps of 
mixing a ferrous salt aqueous solution with a silicate aqueous solution to obtain an aqueous mixture solution, oxidizing 
at not less than pH 10 after mixing the aqueous mixture solution with an alkaline aqueous solution to otrtain a sluny, 
adding an aqueous solution containing at least one component selected from the group consisting of Si, Al, Tl, Zr, Mn, 

35 Mg, Zn and Fe into the slurry when the oxidation reaction is progressed by 80% or more, to prepare the mixture so that 
it exhibits pH 5 or more, further oxidizing the mixture to obtain an oxidized slurry containing magnetite particles, and 
heat treating the magnetite particles after filtrating, washing, drying and grinding the thus obtained slurry, so that the 
contents of FeO within the magnetite particles obtained by oxidation Is 18% by weight or more. 
[0020] According to the present invention, a ferrous salt aqueous solution is mixed with a silicate aqueous solution. 

40 As the ferrous salt aqueous solution, a ferrous sulfete aqueous solution or the like may be given. The concentration and 
amount of the silicate aqueous solution are prepared so that silicon of 0.1 to 3.0% by weight is contained with respect 
to a finally obtained magnetite particles. 

[0021] After that, the mixed solution of this ferrous salt aqueous solution and the silicate aqueous solution is mixed 
with an alkaline aqueous solution to form Iron hydroxide slurry and an oxygen containing gas, preferably the air is blown 
45 Into to carry out the oxidation reaction at a temperature of 60 to 100**C. preferably, 80 to 90°C. 

[0022] An aqueous solutbn which contains at least one of components consisting of Si. Al. Ti. Zr, Mn, Mg, Zn and Fe 
is poured into slurry when the oxidation reaction is progressed by 80% or more, that is. by 80 to 1 00%. and the oxidation 
Is repeated. 

[0023] As the selected components In this process, even an acid type, such as sulfuric acid, or an alkaline type can 
so be used. Further, even a simultaneous addition of the selected components or separated addition thereof to the slurry 
may be carried out. 

[0024] After the oxidation reaction is completed, each of processes of washing, filtration, drying and grinding Is carried 
out to obtain magnetite particles. This drying process means that the moisture within the cake is evaporated at a tem- 
perature of below 100°C and then, a loss of the moisture within the powder reaches 0.5% or less at a temperature of 
55 100**Cfor an hour. 

[0025] After that, according to the present invention, this magnetite particles are heat treated. As the atmosphere of 
the heat treatment, any of an oxidizing atmosphere such as the air or the like and an Inert atmosphere such as the nitro- 
gen or the like can be used. Further, although various heat treatment temperatures are used in accordance with the 
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(2) Specific surface area 

[0035] 2200 type BET meter produced by Shimazu-Micromerytics was used. 
5 (3) Magnetic properties 

[0036] VSM-P7 type of vibration specimen type magnetometer produced by Touei kougyo was used. 

(4) Electrical resistance 

10 

[0037] After 1 0 g of a sample Is placed in a holder, a pressure of 600 Kg/cm^ is applied to the holder to mold into a 
25 mmcj) tablet sample. After that, an electrode is set on the sample, measurement is carried out while pressing it at a 
pressure of 150 Kg/cm^. The respective values of electrical resistance of magnetite particles were obtained by calcu- 
lating from the thickness, cross-sectional area and value of electrical resistance of the samples. 

75 

(5) Dispersibility 

[0038] After 1 g of magnetite and 0.7 g of linseed oil were mixed and kneaded, 4.5 g of clear lacquer was added to 
the mixture and further kneaded it. This mixture was applied on a glass plate by using an 4 mil applicator. After drying 
20 the applied mixture, reflectance at 60** were measured by the Murakami type GLOSS METER (GM-3M). 

(6) Analysis of surface layer 

[0039] After 5 I of 1 N hydrochloric acid was poured Into a 25 g sample to obtain a mixture, the mixture was stirred 
25 and dissolved at 50°C. The thus dissolved mixture solution was filtered by using a membrane filter having a pore size 
of 0.1 urn to obtain a filtrate. The thus obtained filtrate was analyzed and the analysis values of the components other 
than Fe at the time when 20% Fe was dissolved were calculated by percentage by weight In the magnetite respectively. 

Examples 2 to 7 

30 

[0040] As shown in Table 1, items other than the amount of added Si which is not reacted with other compositions, 
the addition time for the surface layer, the types of additives and the addition amount were used in the same manner as 
in Example 1 , and magnetite particles were obtained. The obtained magnetite particles were evaluated by the same 
methods as In Example 1 . The obtained results are shown In Table 2. 

35 

Comparative Example 1 

[0041] As shown in Table 1. the same manner as in Example 1 was carried out without adding silicon and surface 
components before the reaction, and magnetite particles were obtained. The obtained results were evaluated in the 
40 same manner as in Example 1 . The results are shown in Table 2. 

Comparative Example 2 

•> 

[0042] As shown in Table 1 , the same manner as in Example 3 was carried out except for without adding silicon before 
45 the reaction, and magnetite particles were obtained. The obtained results were evaluated In the same manner as In 
Example 1 . The results are shown in Table 2. 

Comparative Example 3 

so [0043] As shown in Table 1 , the same manner as in Example 5 was carried out except for without adding surface com- 
ponents before the reaction, and magnetite particles were obtained. The obtained results were evaluated in the same 
manner as in Example 1 . The results are shown in Table 2. 
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a surface layer have the electrical resistance of less than 10^ Q • cm. For Ck>rTparative Example 2. the value of the elec- 
trical resistance is 10^ O • cm order. 

[0046] As can be seen from the results of reflectance, the magnetic particles that contain silicon therein and has a 
surface layer, have an improved dispersibility. 
5 [0047] The respective particles were heat-treated by the following conditions. 

Examples 8 to 10 

[0048] Samples of Examples 1 , 3 and 5 were heated at 150 '^C in the air to prepare FeO. As to the obtained magnetite 
10 particles, the magnetic property, electrical resistance and reflectance were evaluated. The evaluated results are shown 
in Table 3. 

Example 1 1 

75 [0049] A sample of Example 1 was heated at 300 for 30 min. in a nitrogen atmosphere. As to the obtained mag- 
netite particles, the magnetic property, electrical resistance and reflectance were evaluated. The evaluated results are 
shown in Table 3. 

Comparative Examples 4 to 6 

20 

[0050] Samples of Comparative Examples 1 to 3 were heated at 150 °C in the air to prepare FeO. As to the obtained 
magnetite particles, the magnetic property, electrical resistance and reflectance were evaluated. The evaluated results 
are shown in Table 3. 

2S 



30 



35 



40 



45 



so 



55 



BNSDOCID:<EP 0826635B1 I > 



9 



<"ri8Se99280 ^d3> ^aiOOQSNS 



■\uQ\uvaax\ vaBi\ Aq paseajouj sbm aojo^ eApjeoo aqi 
'ujajeia uoojiis ujBiuoo \ou saop l|0|L|m aidaies e jo^ > 9|dujex3 aAj^ejedujoQ p siinsaj eia uiOJ^ uaes aq ueo sv [ZSOOl 

ajoiu JO japjo luo . u I. o\ se os jre am uj aBuBqo lou saop \\ 
•ajagdsouJiB sbB ijaui aqj ui paonpaj AnqSns si aoueisisaj leoupaia aqi iiBnomiv juatutBaji IBati Aq ao 001. ubl|1 aioui ss 
\ou aq oi paonpej si sapipsd am aojoi B/spiBOO am ' 1. 1, o) 8 sajduiBx^ p sunsaj aq} luo^ uaas aq ubo sv [iSOOl 



M 



Ci3 
X 



X 



C*3 



ts3 



(9 &» ft» &> 

3 



^ N B Pd 
Q W DJ O 

K O O O- 



Of 



o -o 

' o 



o o 
Q o 



^ t^: B CO 

o U M 

B W 

^ o o ^ 



^ N B e:^ 

C9 &9 CJ Q 

? O* Q S! 

pq 6j 



O -I o 
C5 r> 1 
^ o o 

<* 

CO 



CO 



CD 



>r o 
o 

CO -o 

o 
•a 

c^ 



• Vi CD 

O i— O 
B OI 

*-| 

3 O 

O ft) 

o — 



8 



o 

CD 



0^ 



cr 
w 



5e 



OS 



SI. 



Oi 



m9e9 9Z8 0d3 



EP0826 635B1 



[0053] As can also be seen from the results of Comparative Example 5, although the sample thereof has an electrical 
resistance of 10^ n • cm order, the coercive force was Increased by heat treatment, as in Comparative Example 4. due 
to an improved surface layer. 

[0054] Further, as can be seen from the results of Comparative Example 6, since the sample contains silicon therein, 
5 the coercive force is reduced by heat treatment. However, since the surface layer is not improved, the electrical resist- 
ance is low. 

[0055] As can be seen from these results, coercive forces of all magnetite particles containing silicon therein, in which 
lattices of the magnetite particles are allowed to strain were decreased. On the other hand, coercive forces of most sil- 
icon-free magnetite particles were slightly increased. Further, by improving the surface layer, the electrical resistance 
10 was enhanced and the dispersibility had an improved tendency. 

[0056] Further, for magnetite particles containing silicon therein, a saturation magnetization tended to increase at 1 
KOe in the external magnetic field, by heat treatment. 

[0057] The present invention may be embodied in other specific forms without departing from the spirit or essential 
characteristics thereof. The present embodiment is therefore to be considered in all respects as illustrative and not 
IS restrictive, the scope of the invention being indicated by the appended claims rather than by the foregoing description 
and all changes which come within meaning and range of equivalency of the claims are therefore intended to be 
embraced therein. 

Claims 

20 

1 . Magnetite particles characterized In that the particle shape Is octahedron, the average particle diameter is not more 
than 0.6 iim. the coercive force is 40 to 100 Oe at 10 kOe, and the electrical resistance Is not less than 1x10"* 
n*cm. 

25 2. Magnetite particles according to claim 1 . wherein they contain silicon of 0.1 to 3.0% by weight, with respect to the 
magnetite particles, and a total 0.5 to 4.5% by weight of components of Si. Al. Ti, Zr. Mn. Mg and Zn other than Fe 
in the time when the Fe Is dissolved by 20% from the surface of the particles, with respect to the magnetite parti- 
cles. 

30 3. A process for producing magnetite particles according to claims 1 and 2 comprising the steps of 

mixing a ferrous salt aqueous solution with a silicate aqueous solution to obtain an aqueous mixture solution, 
oxidizing at not less than pH 10 after mixing the aqueous mixture solution with an alkaline aqueous solution to 
obtain a slurry, 

35 adding an aqueous solution containing at least one component selected from the group consisting of Si. Al, Ti. 

Zr. Mn, Mg. Zn and Fe into the slurry when the oxidation reaction is progressed by 80% or more, to prepare the 
mixture so that it exhibits pH 5 or more. 

further oxidizing the mixture to obtain an oxidized slurry containing magnetite particles, and 
heat treating magnetite particles after filtrating, washing, drying and grinding the thus obtained slun-y, so that 
40 the contents of FeO within the magnetite particles obtained by oxidation Is ia% by weight or more. 

4. A process for producing magnetite particles according to claim 3, wherein said heat treatment atmosphere is an 
oxidizing atmosphere or an inert atmosphere. 

45 Patentanspruche 

1 . Magnetitpartikel. dadurch gekennzelchnet. daO die Partlkelform die eines Oktaeders ist. daB der mittlere Partikel- 
durchmesser nicht grd3er als 0.6 pm Ist, daB die Koerzltivkraft 40 bis 100 Oe bel 10 KOe betrSgt und daB der elek- 
trische Widerstand nicht geringer als 1 x 10^ O* cm ist. 

so 

2. Magnetitpartikel nach Anspruch 1 . worin in Bezug auf die Magnetitpartikel Silizium mit einem Gewichtsanteil von 
0.1 bis 3,0% enthalten ist, und zum Zeitpunkt. zu dem 20% des Fe von der Oberfldche der Partikel aufgeldst ist. In 
Bezug auf die Magnetitpartikel. andere Bestandtelle als Fe. wie SI. Al, Ti. Zr, Mn. Mg und Zn als Fe mit einem 
Gesamtgewichtsanteil von 0.5 bis 4,5% enthalten sind. 

55 

3. Ein Verfahren zum Herstellen von Magnetitpartikein nach den Anspruchen 1 und 2, das folgende Schritte umfaBt: 

Mischen einer wdssrlgen Eisen(ll)-Salzldsung mit einer wdssrigen SillkatlOsung. um ein wdssriges Ldsungs- 
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